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most low-grade, oxidized, and leached zone; (2) the ore body
containing supergene sulfides; and (3) an underlying low-grade
unoxidized zone. In other deposits, such as some of the Fe
ores, oxidation releases impurities, which occur mainly in car-
bonate and silicate forms, and the ore minerals are concentrated
in residual accumulations. In this type of deposit, the ore occurs
mainly in the upper parts of the rock below the low-grade
surficial zones.

Miscellaneous Weathered Deposits

Several types of weathered mineral deposits cannot be appro-
priately assigned to either the laterite-saprolite or the oxidized
and enriched groups. Most of these deposits accumulate in
soils or nondescript earthy residues after other parts of the host
rocks have been removed by weathering. The miscellaneous
deposits include karst-type bauxite, phosphate, nodular man-
ganese, some of the barite, several types of gem stones, and
quartz crystals. Large refractory-clay deposits occurring below
coal beds are grouped with these deposits for lack of a better
classification. These clay deposits were once water-logged soils
occurring under peat.

from the Moanda district, Gabon. These deposits are the la-
terite type, and similar deposits are mined in Brazil and India.
Large resources of manganiferous laterites occur in the coun-
tries mentioned and in other tropical countries. An estimated
80 percent of the world's resources of Ni are in laterite deposits
(U.S. Bureau of Mines, 1979, p. 105). These resources are
mainly in deposits that are now or will in the foreseeable future
be mined in New Caledonia, the Dominican Republic, Aus-
tralia, Indonesia (Island of Sulawesi), Guatemala, the Philip-
pines, Columbia, and elsewhere. Many of the world's Precam-
brian Fe ores have been oxidized and enriched, and several of
them may be ancient laterite deposits. The only young, surficial
laterite-type Fe now mined is near Conakry, Guinea. Similar
laterite Fe deposits occur in Cuba and Brazil, and large low-
grade blankets are present in many tropical countries.

Minor production of metals from deposits formed by weath-
ering include Co as a by-product from Ni in saprolite in New
Caledonia and chromite from saprolite deposits in Brazil. Sev-
eral minor elements occur in weathered rocks that are poten-
tially recoverable as by-products of the principal metal. Among
those in bauxite are Th, U, Be, La, Sc, Y, and P.

PRODUCTION AND RESOURCES

Deposits formed by weathering have been major sources of
metals essential to the growth of the nation's industrialized
economy, and production is continuing though domestic re-
serves of some ores are steadily being depleted. More than 3
billion tons of oxidized Fe ore have been produced in the Lake
Superior region. Enormous tonnages of oxidized and enriched
Cu ore have been produced in the Binghani Canyon district,
Utah, and other districts in the western United States. All the
domestic bauxite, the only currently economic ore of Al (except
in the U.S.S.R.) is mined from deposits formed originally by
weathering. The bauxite occurs in saprolite, earthy residual
material, and material that has been transported. The only Ni
currently mined in this country is in saprolite deposits at Rid-
dle, Oregon, Considerable quantities of Ag are produced as a
by-product of enriched Cu ore, and most of the Ga obtained
domestically is a by-product of Arkansas bauxite. Other min-
erals and rocks produced from weathered deposits in the United
States and the world are listed in Table 7.1.

The future is not bright for supplying our long-range needs
for several essential minerals from domestic deposits formed
by weathering, but many other countries have large resources.
The reasons for the unfavorable outlook for domestic sources
are that our resources were not nearly so large as those in
tropical regions and that the many deposits we do possess have
been depleted because they tend to occur near the surface and
therefore were relatively easily found and mined. Known do-
mestic bauxite resources, including currently subeconomic de-
posits, are sufficient to supply our needs (without imports) for
only a few years. On the other hand, known laterite-type baux-
ite deposits in Australia, Guinea, Brazil, and other countries
are so large that they can supply the world's needs beyond the
next century; moreover, the prospects for significant new for-
eign discoveries are excellent. Most of our Mn is imported

PRESENT LEVEL OF UNDERSTANDING

It is well known that the resistance of minerals to weathering
ranges from salts that are dissolved with the first rain to resistant
ones, such as zircon, that persist even in placer deposits. Many
attempts have been made to establish orders of stability or
resistance to weathering (Valeton, 1972). Such rankings are of
help in understanding the general scheme of stability of min-
erals but have marked limitations influenced by different geo-
logic factors and different conditions of weathering. Minor
changes in the chemistry or physical conditions under which
the processes are active, brought about by such things as var-
iations in rainfall, climate, topography, and characteristics of
the parent rock, cause major differences in the rate, effective-
ness, and products of the processes.

The mobility of elements during chemical weathering ranges
broadly because variable and commonly opposing factors in-
terfere during stages of hydrolysis, solubilization, secondary
mineral formation, and ion exchange in very fine-grained min-
erals (Lelong et aL, 1976), In temperate belts, the sequence
of mobility of major elements commonly found is Ca, Na, Mg,
K, Si, Al, and Fe in decreasing mobility. In tropical regions,
release rates increase greatly, and it is difficult to identify the
relative mobilities of the more effective elements. One of the
principal reasons mobilities are difficult to classify is that ele-
ments occur in so many different soluble forms in weathering
rocks. In solution, major elements occur as free ions (Na"*", K*,
Mg2+, Ca2*, Fe2+, Fe3*, Al3*, and others); in complex forms
such as Mg(OH) + , Ca(OH) + , Al(OH)2+, and Al(OH)4"; and in
organic complexes. Trace elements commonly are in the form
of complex cations; for example, (UO2)2* and (UO2)OH*, Many
anions are present in natural solutions, including OH", SO*-,
HS", CO2"", HCO3~, as well as complex anions of other ele-
ments.

The mobility of elements depends on the chemical compo-